With the rapid development of single-particle cryo-electron microscopy 2 (cryo-EM), more and more macromolecular machineries structures, e.g. , ryanodine receptor [3] [4] [5] , anaphase promoting complex 6 , light 4 harvest complex 7 and mitochondrial respirasome 8, 9 , have been solved to 5 near-atomic resolution, which have been waiting for many years. Since cryo-EM 6 does not need crystals, many macromolecular complexes that are difficult to be 7 crystallized are now ready for structural studies; thus, more and more structural 8 biology laboratories are becoming interested in studying the structures of large 9 macromolecular complexes. However, how to obtain enough highly purified 1 0 specimen suitable for cryo-EM is therefore becoming a new bottleneck, which has 1 1 restricted the wide application of cryo-EM technology.
2
One method for obtaining large protein complexes is to extract them from 1 3 biological tissues. However, this method is not very suitable for low-abundance 1 4
samples. In addition to consuming large amounts of reagents, protein extraction 1 5
usually yields samples with low yield and purity. And even for high-abundance 1 6
samples, it is still difficult to prepare and purify mutant proteins for functional 1 7
studies. Thus, recombinant expression of protein complexes is more commonly 1 8
preferred.
9
The baculovirus expression system (BVES) is a powerful tool for recombinant 2 0 protein production 10 because it is safe, high expression levels can be achieved, . However, it is not easy to introduce foreign genes by conventional 1 molecular cloning methods due to the large size of AcMNPV genome. Therefore, 2 researchers have modified the AcMNPV genome to allow effective foreign gene 3 insertion by site-specific transposition or homogenous recombination 11, 12 . The 4 widely-used Bac to Bac baculovirus expression system (Invitrogen Co.) is an 5 example of the successful use of this approach.
6
Three strategies are commonly used to overexpress multiprotein complexes 7 in insect cells. In the first strategy insect cells are infected with multiple types of 8 baculoviruses, each of which carries one or two gene expression cassettes 9 (GECs). This strategy, which involves molecular cloning, is relatively simple and 1 0
has been successfully applied to the Bac to Bac system by many research 1 1 groups [13] [14] [15] [16] [17] [18] . However, when multiple types of baculoviruses are used, the total 1 2 number of infectious viruses added to the expression culture should be 1 3 comparable to the total number added when the culture is infected with a single 1 4
baculovirus. This will inevitably lead to a lower protein yield. In addition, the 1 5 expression levels of the individual subunits are often imbalanced, which can result 1 6
in improper complex assembly.
7
The second strategy used to express multiprotein complexes is to construct a . As shown in Table 2 , three types of vectors 6 were used to express the 11 subunits of the dynactin complex, and the N-terminal 7
Twin-Strep tag on p135 was used to purify the whole complex. The shoulder 8 complex proteins, p135, p50 and p24. were expressed by BV-M5, which was one-step strep-affinity purification, the dynactin complex was purified well with 1 5 rational stoichiometry of its subunits (Figure 4g ). After glycerol density gradient 1 6 ultracentrifugation, the further purified dynactin complex exhibited a single visible 1 7
band on a native gel (Figure 4h) , suggesting a high homogeneity of the specimen.
8
This band was excised and subjected to mass spectrometry and all 11 human 1 9 dynactin complex subunits were identified (our unpublished data). This recombant 2 0 human dynactin complex sample was further investigated by nsEM and 2 1 subseqeuent 2D image classification (Figure 4i) , showing a rod-like particle with 2 2 a shoulder at one end, which is similar to that of the endogenous dynactin 2 3 complex purified from pig brains 38 .
4
Besides the human exocyst and dynactin complexes, we also successfully 2 5 expressed many other protein complexes using the SmartBac system (Figure 4j ).
6
These include the human COPI complex (7 subunits, 558 kDa) 
9
To increase the stability of the large final transfer plasmid propagated in E. coli, 2 0
we included a p15A replication origin of low copy number in the acceptor vectors 2 1
and cultured the bacteria at 30℃. The restriction sites flanking the promoter 2 2 region allow for promoter exchange if needed (eg. To optimize expression levels).
3
To monitor the expression of target proteins, we added the most commonly scheme to screen an optimal tagged subunit for complex purification.
1
With the development of cryo-EM, more and more research groups are 1 2 carrying out structural and functional studies of multiprotein complexes.
3
Recombinant expression is a promising method for obtaining sufficient quantities 1 4
of high-purity samples, and, we expect that the SmartBac system will allow more 1 5
researchers to successfully express and purify large multiprotein complexes.
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Parts of this study (SmartBac system) has been submitted to apply a Chinese 
